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Abstract 
Exploiting the polarimetric information of electromagnetic waves is now the subject of growing interest in many 
research fields such as biochemistry, medicine, astronomy and remote sensing from space; because it increases 
considerably the number of information about the medium that we want to analyze. 
The object of this work is the exploitation of the Stokes formalism based on the study of the polarization in the light-
media interaction, to see the influence of the temperature of the manufacturing process of polymer samples ( low 
density polyethylene) on the optical characteristics and especially the polarimetric ones of a light beam passing 
through these samples. 
The results demonstrate that these techniques could provide information for the optical characterization of polymers 
in general. 
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1. Introduction 
 
     If certain polymers, such as atactic polystyrene, or thermosetting are amorphous solid state, other polymers such 
as polyethylene, polypropylene, polyamide or thermoplastic polyester, have the Faculty to crystallized. The 
regularity of molecular structure is a necessary but not sufficient. For a polymer crystallize indeed it is also 
necessary that the crystallization kinetics is not too slow. So, certain po lymers capable to crystallize  can be tempered  
in the amorphous state, therefore the characteristics of polymers depend on several factors, such as the chemical 
structure of polymer, molecular weight, crystallization temperature Tc, the glass transition temperature (Tg) and 
melting temperature (Tm), this problem is well suited to a study by optical polarimetry using Stokes vectors. 
     The optical polarimetry technique has rarely been used for polymer characterization, and studies reported in the 
literature treat the majority of mechanical measurements and above the crystallization temperature at rest, the 
authors are therefore only interested in the evolution of birefringence. For example, Matthews et al. [1] studied the 
evolution of the microstructure of PE films in the elongation and relaxat ion at a temperature near the glass transition 
temperature. The birefringence was measured [2] in real t ime between crossed polarizers. Ryu et al [3] reported a 
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similar study where the PE has been used in the form of films in itially amorphous and stretched at different speeds. 
They considered the relationship between the applied stress and birefringence. In the amorphous state, and in quasi-
static conditions, there was a proportional relat ionship between stress and birefringence. 
 
2. Effect of temperature on the structural state  
 
     If the temperature increases, the thermal energy supplied to the molecu les increase their mobility; the rotations 
about C-C bonds of the skeleton chains are easier. The number of bonds of low intensity, Van der Waals, decreases 
with increasing temperature, thus freeing the molecular motion. 
Let's assume the glass transition temperature Tg of a material is the temperature below which the molecules have 
litt le relat ive mobility or in other words, the greatest modification of the deformation capacity. The temperature Tg 
is usually used for totally or partially  amorphous phases such as the glasses and plastics.  [9] The thermoplastic 
polymers (non-crosslinked) are complex because, besides possessing a melt ing temperature, Tm, (In this state does 
not evolve the crystalline phase and its structure is identical inasmuch as it was at T < Tg ), above which their 
crystalline structure disappear, these plastics have a second temperature, lower Tg below which they become rigid  
and breakable and can fissure or break. Above Tg, the secondary bonds [8,10] (Van der Waals) between the non-
covalent polymer chains become weak in comparison to thermal agitation, and the polymer becomes soft and can 
deform elastically o r plastically without fracture . This behavior is one of the properties which make most plastics so 
useful. Such a behavior doesn't exist for the reticulate thermosetting plastics  which, once fabricated, are irreversible 
and will shatter rather than deform, without ever again or melt plastic being heated. 
 
3. Theory 
3.1. Stokes vector  
 
     The Stokes parameters are a set of values that [7] describe the polarization state of electromagnetic rad iation. 
They were defined by George Gabriel Stokes in 1852, as a mathematically convenient alternative to the more 
common description of incoherent or partially polarized rad iation in terms of its total intensity (I) and the shape 
parameters of the polarization ellipse. 
     The Stokes parameters are composed of 4 quantities (S0 S1 S2 S3) which can be measured by using a combination 
set of a phase retarder (Ȝ/4) and a linear polarizer [4, 5].  
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Where S0 is the total light intensity; S1 is the intensity difference between horizontally and vertically polarized  
components; S2 LV WKH LQWHQVLW\ GLIIHUHQFH EHWZHHQ DQGí SRODUL]HG components; and S3 is the intensity 
difference between right- and left-circularly [6], polarized components.  
 
 4. Materials and methods  
 
     The low density polyethylene (LDPE) is the most widely used plastic, he composed half of plastic packaging 
(bags, films, sachets, trash bags, receptacles ...). It has certain physical and optical characteristics that can be 
changed according to temperature. 
Thin films are molded from granules of low density polyethylene (LDPE) between two plates of polished 
alumin ium, these plates are then heated with different temperatures. 
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4.1. Measurement of Stokes Parameters   
 
     The technique of polarizat ion by transmission (Fig.1) is always advantageous in our study 
   
 
 
 
 
                               Fig.1 Experimental setup used for measuring the Stokes parameters
 
 
The polarizer and analyzer are crossed (ext inction at maximum). When the sample is placed, there is a reappearance
of the light, then turn the sample, and we seek the maximum intensity. To express the Stokes vector S in terms o
our experimental data, the following relation is needed: 
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Although six intensity values are required to define the Stokes Parameters  (Fig.2), the first step is to acquire th
intensities, ܫͲιǡ ܫͻͲιǡ ܫͶͷι  and  ܫͳ͵ͷι , corresponding to the orientations of the analyzer: 0°, 90°,  45° and 135°, then
utilizing a quarter wave plate (retardation ߣȀͶሻ, oriented at 45° and 135°, one acquires the intensities    ܫͶͷι ǡɎʹ 
  and
ܫͳ͵ͷιǡɎʹ 
. The quarter-wave plate is used to determine the parameter S3. 
 
                            
                              
                                               Fig.2 The experimental setup used to determine the usual Stokes parameters   
 
 
5. Results and discussion 
 
     To determine the polarimetric properties of a medium, we use a Stokes polarimeter. Th is allows to characterize
completely the polarizat ion state of a light wave after traversal each polyethylene film prepared with different
melting temperatures. From the measured Stokes vectors above, one calculate the degree of polarization DP, and th
phase difference G. 
 
5.1. Measure the degree of polarization 
 
     The degree of polarizat ion quantified the amount of scattered light that has maintained its initial polarizat ion. To
measure the degree of polarization we apply the following relation:  
Filter   objectif    polarizer                       quarter-wave    Analyzer  
Lamp Detector       Sample  
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In Fig.3, we represent the variation of the degree of polarization as a function of temperature for different 
wavelengths. We observe a low degree of polarization for low temperatures (120°C and 130°C) then it increases 
progressively as the temperature rises to 150°C,  and then stabilizes. 
 
 
Fig.3 Variation of the degree of polarizat ion as a function of temperature for d ifferent wavelengths 
 
 
When the temperature increases, a polymer may cross three domains of structural state, Delimited by three 
temperatures 
-The glass transition temperature (Tg), is observed in the amorphous phase of polymer, so it behaves like a g lassy 
solid. For po lyethylene, this temperature is between 110°C and 130°. 
- The melting temperature, (Tf) which only concerns the crystalline phase of polymer , in all rigor, the crystalline 
phase melt over a range of temperature and not at a fixed temperature as a pure substance, it is greater than 130°C 
for polyethylene. In this zone the polymer behaves as an  anisotropic medium. 
- Beyond the temperature (Tf), the crystalline structure of the polymer disappears, it is in a fluid state, then it returns 
to its amorphous state. 
We can retain the following points: 
- Our curve is divided into two zones, the first is between a temperature T = 120°C and T = 150°C, which is higher 
than the glass transition temperature. In th is zone the polyethylene film behaves as an anisotropic medium, which 
explains the low degree of polarization. 
- The second Zone is when the temperature exceeds 150 ° C, it is the melting temperature, the film becomes 
amorphous, and its structure does not influence the polarizat ion state. So the degree of polarization remains very 
high and remains almost unchanged. Because the incoming light is  completely polarized. 
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5.2. Measure the phase difference 
 
     With a minimum of three couples (analyzer, polarizer, quarter wave plate) the system used to calculate the 
Stokes parameters: s0, s2, and s3 of the light arriving on the detector. The phase shift value is calculated from the 
equation. 
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Fig.4 Variation of the phase difference as a function of the temperature for different wavelengths 
 
 
We see from Fig.4, which represent the variation of the phase difference as a function of the melt temperature for 
different wavelengths, that increasing the melt temperature increases the phase retardation, but when the temperature 
exceeds 140°C to 170°C, the phase retardation remains almost unchanged and around a certain mean value, then the 
curve is decrease to a temperature of 195°C. 
     The temperature range of T = 120°C to 150°C, concerns the crystalline phase that is to say, the polymer behaves 
as an anisotropic medium, in this case the phase retardation is given by the following expression. 
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With: e: The thickness Film. ߣ: The wavelength. n' : The birefringence 
 
Increasing of melt temperature is accompanied by an increase in birefringence of the film, which is crystalline in 
this phase. This increase in birefringence is due essentially to phase retardation by the previous expression.  
At high temperature (150°C), the rate of the phase retardation evolves approximately monotonically until a  
temperature of 170 ° C. Beyond, we observe a decrease in slope. This decrease shows that the crystallization was not 
significant. The change of the slope is not therefore linked to crystallize what it explained by a destruction of the 
film structure (molecular chains). 
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6. Conclusions 
 
     In this application, the initial aim is to extract information on polymer films (polyethylene), and see the influence 
of temperature on their optical propert ies. The confrontation of theoretical results  with experimental data is 
relatively satisfactory. 
     The confrontation of theoretical results  with experimental data is relatively satisfactory, what comforts the 
relevance of the polarimetric Stokes model used to describe the thermal behavior of a polymer with an analysis of 
the polarization state of light transmitted. 
7. References 
[1] Matthews R.G., Ajji A. Dumoulin M.M., Prud’homme R.E., ‘the effects of stress relaxation on the structure and 
orientation of tensile drawn poly (ethylene terephthalate), Polymer’, 41, 7139 (2000). 
[2] M. Haouche, et al ‘Etude numérique et expérimentale de l’écoulement d'un polyéthylène basse densité dans une 
contraction 3D’, Rhéologie, Vol. 8, 20-30 (2005) 
[3] Ryu D.S., Inoue T. Osaki K.A., ‘A birefringence study of polymer crystallization in the process of elongation of 
films Po lymer’, 39, 2515 (1998). 
[4] J.-F.Lin, Measurement of linear birefringence using a rotating-wave-plate Stokes polarimeter, Opt.Int.J . Light 
Electron.Opt.(2010) 
[5] Born, M.,Wolf, principles of Optic-7th ed.(cambridge University Press, Cambridge, England, 1999.  
[6] Po.Chun Chen, Yu.Lung Lo, Tsung.Chih Yu, Measurement of linear birefringence and diattenuation properties 
of optical samples using polarimeter and Stokes parameters, Optical Society of America,(120.5410) Po larimetry, 
20009. 
[7]   Kraus, J. D., Radio Astronomy, McGraw-Hill, New York, 1966. 
[8]  José Martín.H, Thèse doctorat, Ecole Nat ionale Supérieure des Mines de Paris 2004.  
[9] M. Chaouche et F. Chaari ‘Cristallisation du (polyéthylène téréphtalate) sous élongation étude in-situ par 
diffraction de R.X et polarimétrie optique’ Rhéologie, Vol. 6, 54-61 (2004) 
[10] Salem D.R., ‘Crystallizat ion kinetics during hot-drawing of (polyethylene terephthalate) film: strain-rate/draw-
time superposition, Polymer’, 33, 1382 (1992). 
 
